The biochemical characteristics of 464 strains of Haemophilus influenzae and 83 strains of Haemophilus parainfluenzae isolated over an 18-month period are described. Of 22 characteristics obtained, only 6 were necessary to biochemically identify and biotype the isolates. The key substrates or tests were urease, ornithine, indole, o-nitrophenyl-,8-D-galactopyranoside, sucrose, and xylose. Five biotypes of H. influenzae and four of H. parainfluenzae were commonly recognized. Some strains were encountered which could not be accommodated in the recognized taxa but which constituted separate biotypes of the two species. H. influenzae biotype I was recovered principally from blood, cerebrospinal fluid, and upper respiratory secretions, and biotypes II and III were recovered from eye and sputum cultures. Biotype I was recovered primarily from children less than 1 year of age, whereas biotypes II and III were from persons 1 to 5 years old and from those over 20 years of age. Multiple isolates recovered from the same patient were almost always of the same biotype. Strains of H. parainfluenzae were isolated primarily from sputum, with others being isolated from body sources such as dental abscesses, gastric aspirates, and peritoneal fluid. An inverse relationship was noticed between hemolysis and mannose fermentation among H. parainfluenzae biotype III strains, whereas the relationship was absent among the other biotypes.
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Traditionally, the identification of Haemophilus is accomplished by testing the requirements for specific growth factors on factor-deficient agar medium or by using the test for satellitism. It is then common to report isolates recovered from clinical sources as Haemophilus influenzae or Haemophilus parainfluenzae, without consideration being given to the relationship of source of isolation to strain characteristics. Until the emergence of beta-lactamase-producing H. influenzae, little recognition had been given to the biochemical identification and differentiation of the haemophilus. Kilian (12, 13) can be credited with the sparking of interest in, and the recognition and rediscovery of, the haemophilus as biochemically active organisms rather than as bacteria of biochemical insignificance. The excellent report on the taxonomic study of the genus (13) clarified the relationships of the species and showed the practical usefulness of biochemical differentiation within the genus. Since then, biotyping of H. influenzae has been used to describe the isolates recovered as causative agents of diffuse bronchopneumonia (20) and bacteremia (1, 5 (ii) H. parainfluenzae Table 3 (8) , supporting the suggestion that factor needs are quantitative (7, 21) and not merely qualitative. It is necessary, then, for growth of selected strains around the V disk to be equal in intensity to that around the XV disk before the organism can be considered H. parainfluenzae. Use of factor requirements has been questioned as to its differential value. Hence, the ability of the haemophilus to synthesize porphyrins from aaminolevulinic acid (12, 13) , and its reliability to do so, have been preferred over the usual methods of determining hemin requirements.
In the past, use of biochemical tests has not been a reliable means for characterization and differentiation of the haemophilus. Acid reactions in carbohydrate fermentation tests were found in media devoid of added carbohydrates (18) , and it was difficult to differentiate utilization of proteins from fermentation of carbohydrates during the acidification process (26) . Such reactions may have been media dependent or possibly due to contamination of ingredients with glucose. Since then, phenol red broth base containing 1% sterile carbohydrates and filtersterilized hemin and nicotinamide adenine dinucleotide in a final concentration of 10 ,ug/ml J. CLIN. MICROBIOL. has been used for fermentation studies (13 Because of the paucity of available data used for classification of human strains by biochemical means, the haemophili were segregated into biotypes based on the scheme of Kilian (13) . Six biotypes of H. influenzae and four of H. parainfluenzae were recognized and easily assigned to species and biotypes. The seven strains of H. parainfluenzae bio IV represent a biotype on November 2, 2017 by guest http://jcm.asm.org/ Downloaded from heretofore unreported, except that nicotinamide adenine dinucleotide-dependent haemophilus strains, which correspond to this biotype to some extent, have been described. These strains were given special recognition as the species H. segnis (13, 17) . However, the 22 strains listed attacked carbohydrates poorly, whereas the organisms presented in this study gave strong carbohydrate reactions. Also, the primary habitat of H. segnis seems to be dental plaque (17) , whereas the strains reported here were from sources additional to the oral cavity. The indole-positive H.
parainfluenzae group represents only tentative biotypes, as these may consist of morphologically similar strains of H. influenzae and H. parainfluenzae. One isolate originally included in this group was subsequently found to be a mixture of H. influenzae bio II and H. parainfluenzae bio I. Numerous purification attempts were necessary to select out the appropriate strains constituting this mixed population.
Kilian (13) studied the biochemical characteristics of H. parainfluenzae and H. parahaemolyticus and concluded that, when based on hemolytic activity alone, separation of the species was not valid, especially since hemolytic activity was lost easily upon subculture. The hemolytic isolates reported here were of human origin, whereas other reports included both human and animal strains (14, 15) . The hemolytic H. parainfluenzae has biochemical characteristics remarkably similar to H. pleuropneumoniae, except that the latter fermented xylose and mannitol (15) . The findings presented here point to an inverse correlation between hemolysis and mannose fermentation, and the extent to which this holds is subject to more extensive study. This additional characteristic may lend credence to the suggestion that the hemolytic form of H. parainfluenzae group indeed may be a valid designation.
It was not the purpose or within the scope of this study to ascribe a pathogenic role to the isolates tested. Nevertheless, the commonality of biotypes recovered from blood and associated cerebrospinal cultures was obvious. That the preponderance of H. influenzae isolates recovered from septicemia and meningitis cases were of biotype I, serotype b, was clear. Serotype (encapsulation) was not strictly equated to bio I, however, since 20% of these strains were nontypable, and serotypable strains of other biotypes were recovered. Clinical disease is customarily ascribed to infections with serotype b. The number of infections caused by typable strains other than b is not well documented, although meningitis due to serotypes a (3) and e (4), bacteremia and nonbacteremic pneumonia associated with serotype e (5, 27) , and bronchopneumonia caused by serotype c (19) have been reported. Bacteremic (9) and nonbacteremic pneumonia (20, 27) in adults with an average age of 50 years has been caused by non-encapsulated H. influenzae as well as by encapsulated strains. Moreover, a recent report showed that nontypable H. influenzae has been implicated in serious neonatal disease as well (22) .
H. parainfluenzae is being recognized increasingly as a pathogen rather than a normal inhabitant that is incapable of causing disease, having been implicated as the responsible agent in endocarditis (6, 10) and meningitis (24) . A large proportion of isolates of H. parainfluenzae were recovered from sputum samples, but it should be kept in mind that samples arising from the respiratory tract may be contaminated with saliva containing H. parainfluenzae. It 
